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Purpose: We aimed to assess the possibility and feasibilities in the treatment of clavicle midpiece fracture
by minimally invasive with percutaneous locking reconstitution plate.
Methods: Total 29 cases of patients with clavicle midpiece fractures were reviewed including 13 males
and 16 females. All the patients were treated by minimally invasive with locking reconstitution plates.
Results: All the patients showed satisfaction of the appearance of incision and union of all the fractures.
One case suffered ﬁxation device failure and 3 cases suffered skin irritation responses.
Conclusion: The minimally invasive with locking reconstruction plate is a good option for clavicle mid-
piece fractures treatment with good fracture healing.
 2014 Published by Elsevier Ltd on behalf of Surgical Associates Ltd.1. Introduction
Clavicle fractures are common bone fractures in the clavicle
accounting for about 4% of all fractures in adults [1]. And around
75% of clavicle fractures were clavicle midpiece fracture. The
clavicular injuries may result in abnormal biomechanical stresses
across the shoulder girdle and long-term disability [2,3]. Many
contributions have been made for the management of clavicle
fractures.
Currently, the therapies for treatment of displaced clavicle
midpiece fractures are mainly nonoperative treatment, open
reduction and plate ﬁxation. It was reported that nonoperative
treatment showed lower nonunion rate than open reduction and
plate ﬁxation [4]. However, patients with open reduction and plate
ﬁxation were generally associated with better functional outcomes
than those with nonoperative treatment [5]. Although openZhoupu, Pudong New Area,
lf of Surgical Associates Ltd.reduction for the displacement of clavicle midpiece fractures has
beneﬁts for pain remission and functional recovery [6,7], it may
lead to large incision and wide stripping and result in complex
complications.
With the enhancement of the concept of minimally invasive and
the development of locking technology, the minimally invasive
plate osteosynthesis has been gradually applied in the treatment of
clavicle fractures. In this prospective study, we reviewed 29 pa-
tients with the clavicle midpiece fractures treated between May,
2009 and January 2011 in our hospital. We aimed to assess the
outcomes of the patients with minimally invasive with locking
reconstitution plate.2. Materials and methods
2.1. Patients and surgery
Between May, 2009 and January 2011, total 73 cases were
diagnosedwith clavicle fractures in our study. Patients with clavicle
midshaft fracture were included and those corresponding to the
exclusion criterion were excluded: 1) lateral clavicular fracture；2)
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patients or their parents provided informed consent and the
approval were obtained from Medical Research Ethics Committee
in our hospital.
Finally, 29 cases were included in our study. All the including
patients were treated with minimally invasive combined with
locking reconstitution plates within 45 h of injury. Before surgery,
the image data of normal bilateral clavicle before surgery was ob-
tained by CT (computed tomography) reconstruction.2.2. Surgical procedure
Operations of all patients were performed after brachial plexus
anesthesia or general anesthesia. The wounded shoulder was
elevated about 15 cm and C-arm ﬂuoroscope was applied to guide
the accurately central part of fracture (Fig. 1). Two incisions (1.5 cm)
were cut in the two skin of clavicle at a distance of 4 or 5 cm to the
bone surface of the fracture ranging from both ends to the center.
The incisions were performed along with the long axis of clavicle in
accordance with the degree and scope of fractures. Then a tunnel
under soft tissues was constructed by stripping periosteum along
the clavicle, which connected both incisions with the fracture
center in order to maintain the preliminary restoration. For 7 cases
of non-ideal restoration, 3 extra incision of about 1.0 cm were cut
on the skin of fracture area for auxiliary restoration (Fig. 2). After
pre-modiﬁcation according to the morphology of clavicle, the
locking reconstruction plate was inserted slowly through the
external incision into the tunnel that had already been prepared.
The location of locking reconstruction plate and the restoration of
displaced clavicle were performed under ﬂuoroscope. Then
Kirschner’s Needles were set on the both sides of locking recon-
struction plate in order to keep preliminary position stable. For
pressurized ﬁxation, two screwswere planted into both sides of the
locking holes closer to fracture area. After tested under ﬂuoroscope,
we removed Kirschner’s Needles to plant additional 2 or 3 locking
screws on both sides to complete the ﬁxation (Fig. 3). Finally, 2 or 3
incisions were sutured (Fig. 4).2.3. Postoperative nursing
After operation, triangle bandage was used to maintain the
ﬁxation and antibiotic were used to prevent infections for 3e4
days. At 3 days after operation, patients were exercised at shoulder
joint. Then the patients were requested for exercises initiatively
after 2 weeks and recovered practice without triangle in 5 weeks
after operation. Stitches were removed at the 2nd week afterFig. 1. A: The midpiece fracture of clavicle; B: Preopoperation and steel plate was removed in 12e16 months after
operation.2.4. Curative effect evaluation
All statistics had been recorded including operation time, ﬂuo-
roscope time, hemorrhagic volume and fracture healing time. The
ﬁxation failures (including loosening, bending and breaking),
shoulder shape and response to skin irritation were assessed every
4weeks after operation. In the radiographic evaluation, the fracture
healing was deﬁned as regeneration bone across the fracture gap.
The nonunion was considered if there were still complete fracture
gap at the 6 month after operation. And if the fracture was healed
after more than 8 months without outside interference, it was
regarded as delayed healing.3. Results
3.1. Patients and surgery
The average age of the including 29 patients (13 males and 16
females) was 25 years, ranging from 19 to 37 years. Among the
patients, 17 cases were classiﬁed to Type 2B1 fractures and 12 cases
were Type 2B2 fractures according to Robinson classiﬁcation sys-
tem [8]. Basic information of the patients was list in Table 1. The
average time interval for surgery was 21.2 h ranging from 6 h to
45 h.3.2. Follow up
All 29 patients had been followed-up after operation. The
average follow-up period was 13 months ranging from 7 to 18
months. The operation duration maintained 41.0e45.0 min. The
hemorrhagic volume of patients during operation was 63 mle
73 ml. The average ﬂuoroscope time was 13 s ranging from 10.0 to
16.0 s. After operation, all the patients completely satisﬁed with the
shoulder, including the appearance and functions. There were no
cases suffering infections and hematoma. The union time was
ranging from 9 to 11 weeks. Among all the patients with clavicle
midshaft fracture, 3 cases suffered skin irritation responses at 6th
month after operation. One case underwent ﬁxation device failure
(plate loose) and received the second operation at the 10th day
after the ﬁrst operation. The detailed information was shown in
Table 2.erative location of the central part of fracture.
Fig. 2. A: Preoperative surface mark of the incisions; B: Three small incisions in surgery.
Fig. 3. A: Fixation of locking plate by Kirschner’s Needles; B: Scenograph of steel plate after ﬁxation.
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The clavicle midpiece fractures are common injuries, accounting
for about 80% of all clavicle fractures. For treatment of clavicle
midpiece fractures, an increasing number of investigations have
been conducted to seek for the optimal therapy. In the present
study, we assessed the feasibility ofminimally invasivewith locking
reconstruction plate for clavicle midpiece fractures treatment. Our
results showed that all the patients reviewed in our study showed
satisﬁed outcomes.Fig. 4. Postoperative suture appearances.Recently, the nonoperative and plate ﬁxation approach are
mainly applied for clavicle midpiece fractures treatment. And there
is a controversy whether operation for clavicle fractures is a better
choice. As outlined in previous reports, the nonoperacitve method
seemed to show reliable outcomes with minimal residual symp-
toms [9]. But the newer data also revealed that nonoperative
management was associated with poor results [10,11]. A recent
study conﬁrmed that plate ﬁxation management had beneﬁts in
treating clavicle midpiece fractures compared with nonoperation
[12]. Patients with plate ﬁxation healed faster and returned to
unrestricted activity sooner, while the patients with nonoperative
approach showed symptomatic malunion. Although plate ﬁxation
shows advantage in absolute stability of steel plate ﬁxation, tension
and mechanics function, prevention of rotation and migration of
the intramedullary ﬁxation device, it is usually related with com-
plications such as infection, scar. However, in our results all the
patients showed satisfactionwith the appearance of incision and no
cases had suffered infections.
In the present study, we implemented minimally invasive
technique combinedwith reconstruction plate for claviclemidpiece
fractures treatment. The minimally invasive technique has been
used in treatment of type 2 fractures of distal clavicle [13]. The
simple technique resulted in union of all fractures, good fracture
healing and early return to activity. Internal ﬁxation includes dy-
namic compression plate (DCP) [14] and reconstruction plate [15].
Reconstruction plate has a better clinical effect for patients with
clavicle fractures. Steel plate, one of the reconstruction plates, is
widely used for its thinner and easier shaping attach to clavicle
compared with DCP. In our work, we treated 29 cases of clavicle
midpiece fractures by minimally invasive technique with the steel
Table 1
Information of patients.
Cases Age X  S Gender Cause of injury Type of fractures Between injury and surgery (h)
Male female Trafﬁc falls hit 2B1 2B2 X  S
29 32.8  4.7 13 16 14 8 7 13 16 22.0  4.2
Table 2
Patients’ conditions of surgery and postoperative.
Patient number Operative
time (min)
Fluoroscopy
time (s)
Loss of blood
volume (mL)
Duration of
hospital (d)
Union
time (w)
Appearance and
skin irritation
Fixation device
failure
1 48 13 65 7 11 No No
2 50 12 50 6 10 No No
3 39 10 44 11 9 No No
4 42 11 67 7 8 No No
5 37 17 75 9 7 No No
6 53 14 43 8 9 No No
7 44 12 62 7 11 No No
8 44 14 55 7 10 No No
9 57 18 58 7 9 No No
10 45 10 49 10 8 No No
11 35 11 58 9 7 No No
12 38 12 67 9 7 No No
13 43 14 45 9 8 No No
14 40 15 58 6 9 No No
15 41 13 44 6 10 No No
16 42 12 49 7 9 No No
17 43 9 69 7 9 No No
18 36 10 75 10 8 No No
19 38 11 77 9 7 No No
20 35 16 58 8 7 No No
21 40 15 69 8 8 No No
22 42 14 64 7 9 No No
23 47 13 63 6 8 No No
24 50 12 49 7 7 No No
25 52 9 59 8 9 No No
26 34 10 78 7 9 No Yes
27 39 13 70 6 9 Yes No
28 40 15 73 7 8 Yes No
29 43 9 58 7 10 Yes No
Average 45.6 13.4 68.2 6.5 9.0
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fractures of all the patients were healed. Therefore, the minimally
incision by minimally invasive technique might result in satisfac-
tion of appearance of incision and no infections in our paper. And
the steel plate contributed to be the union of all the fractures by the
character of repeatedly shaping to meet good appearance of the
special shape of the clavicle.
It is concluded that the displaced factures increased the risk of
nonunion and malunion [6]. And the internal ﬁxation may reverse
this trend [16]. Stable ﬁxation is a factor leading to markedly less
soft-tissue damage and early bony union [13]. But in our paper, one
case underwent the second operation for plate loose. It was indi-
cated that the plate with screw that locked to the plate might result
in poor clinical outcomes [17]. Brouwer [18] reported that locking
screws was shallower than that of ordinary screw. Locking screws
were exactly parallel to the direction of shoulder dropping. The
axial pullout forces propelled the lateral clavicle sags away from the
plate [19] and ﬁnally might pull the screw out of the locking hole. In
this paper, the ﬁxture failure case might result from this reason.
Using standard compression screws is a good choice for achieving
sufﬁcient stability and reducing poor results [20]. Thus, to obtain a
better outcome, the factors leading to ﬁxation failures must be
considered.
Besides, when using minimally invasive in the treatment of
clavicle midpiece fracture with locking reconstruction plate, other
points should be considered in order to get better clinical results. (1)
The long enough locking plate was necessary. The locking plate withsufﬁcient length dispersed the stress with a fewer screws. Consid-
ered the features of Type 2B1/2B2 fractures in our work, the number
of ﬁxed screws of steel plate should be less than 3. (2) An extra
attention should be paid on the displaced butterﬂy bone under
backbone. If the reset of butterﬂy bone was not satisﬁed, it might
lead to several problems such as delayed union or nonunion, ﬁxa-
tion device failure and secondary surgery. The tension side was
above the backbone and stress was focused under the middle
clavicle, which contributed to the stability of fractures and reduction
of the bending load of locking plate. (3) After operation, the planed
functional exercise was better for function recovery. Appropriate
exercise activated callus growth and prevented the stiffness of
shoulder joint. (4) Before operation, the three-dimensional recon-
struction of the clavicle had beneﬁt in locating locking plate, which
was able to reduce surgical time and simplify surgical operation.
Although the minimally invasive technique with locking
reconstruction plate showed good effect on the patients with
clavicle midpiece fracture, there remained limitations in this study.
First, the sample size is relatively small. Second, there was not
experimental evidence for the biomechanics factor leading to
ﬁxture failure. A large number of studies compared with other
surgery therapies are necessary to prove whether minimally inva-
sive technique with locking reconstruction plate is a better choice
for patients with clavicle midpiece fracture.
In summary, minimally invasive in the treatment of clavicle
midpiece fractures with locking reconstruction plate had good ef-
fect on appearance, bone union and reduction of complication. The
X. Wang et al. / International Journal of Surgery 12 (2014) 654e658658therapeutic method applied in our paper may be a good choice for
patients with clavicle midpiece fractures. However, the solution for
internal ﬁxation failure should be further assessed in an increasing
number of cases.
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